Introduction
Cervical disc herniation is far less common than lumbar disc herniation. In general, most cervical disc herniations will heal with time, and most patients will improve with conservative management and surgery will not be required. A new useful and micro-traumatic method, intradiscal injection of O 2 -O 3 mixture, has been developed European countries since 1994. The famous expert in ozonetherapy, Prof. Marco Leonardi was invited to do the first procedure in China in June 2002. Now we report the technology application and our experiences, summarizing 58 cases treated at two hospitals, in recent years.
Methods
Clinical Data: 58 patients with diagnostically confirmed cervical disc herniation entered the study between June 2002 and January 2005. Their average age was 52 years (ranging from 31 to 86 years) and patients included 35 men and 23 women. All patients complained of tight and stiff neck, and pains in the neck, shoulder and upper back areas radiating along the nerve pathway down the arm, lasting from 3 months to 20 years. Along with the arm pain, most patients felt a numbness and tingling present down the arm and in the fingertips. One patient felt dizziness when he turned his head to the left side. Another patient could not control his urination and walking well. In physical examination, over half the patients presented neck motion range decrease, muscle atrophy and strength weakness in the lesion side. No reflexes were decreased in five patients. Two patients were positive in vertex compression test. Diagnostic verification by CT and MRI disclosed the disc herniation or protrusion with nerve root or spinal cord compression. Based on the CT or MRI images and clinical symptoms and signs, the patients could be classified into five types: cervical (23 cases), n-SUMMARY -We evaluated the safety and therapeutic effect of treating cervical disc herniation with O 2 -O 3 mixture injection into the intradiscal space. 58 patients with 126 herniated discs verified by MRI were selected for the study, and all patients presented the symptoms of upper limb, cervical and shoulder pain. The procedures were guided by fluoroscopy (28 cases) and by CT (30 cases). The puncture route was defined between the right common carotid artery and trachea clearance. 1~2 ml O 2 -O 3 mixture at 30-40 ug/mL was injected into each herniated disc space. 58 patients were followed up from three to 30 months after treatment. The therapeutic effect showed that 33 cases (56.9%) had excellent recovery, 11 cases (19.0%) had significant relief of symptoms, and 14 cases (24.1%) resulted in treatment failure. No serious complication occurred. The therapeutic method developed by using O 2 -O 3 mixture injection in cervical intradiscal space was a safe and effective method for the treatment of cervical disc herniation. erve root (29 cases), vertebral artery (2 cases), and spinal cord (4 cases). The total 126 lesion discs were distributed in C3~4 (6 discs), C4~5 (24 discs), C5~6 (59 discs) and C6~7 ( 37 discs).
Instrument and facilities: One X-Ray machine with a C arm was utilized in the study. Ozone generators (TOG C2 and E80) made in Switzerland and Italy were adopted. Pure oxygen was supplied by our hospital. 19~21G chiba needles or 21G needle with multi sidehole were chosen as the injection needles.
Treatment Procedure: Patients lie on the bed with a pillow inserted in upper back so as to extend their neck backwards. The anchoring point was defined between the common carotid artery and trachea clearance on the right side. Only in one patient did the left side need to punctured owing of obstruction from a right vertebral bone spur. Local anesthesia was given by injection of 2% lidocaine. At the anchoring point, the puncture needle with 30-degree angle was conducted to reach the lesion disc space via the anterior approach. Swallowing was forbidden for fear of injuring the patient's throat tissue during the puncture process. When the needle tip reached near the disc space, we observed on the lateral view and slowly inserted the needle into the disc central area, and then injected 1~2 ml of O 2 -O 3 mixture with 30-40 µg/ml. Most of time we saw a small low density area inside the disc space, and moved the needle backward into the paraspinal space. Three ml of O 2 -O 3 mixture were injected into this space. Drawing the needle out of the skin, we completed the procedure. During the injection of O 2 -O 3 mixture, one patient felt discomfort but it was relieved in five minutes.
The patients must be kept in a supine position for at least four days to protect their neck except during sleep time. Antibiotic and cortisone intravenous injections were taken for three days. It is necessary for patients to avoid acute activities and heavy burdens for six months.
Results
The technical success rate was 100% in this group. Evaluation of the therapeutic effectiveness was in accordance with the modified Mac-Nab method which classifies effectiveness into success and failure categories.
All the patients were followed up for three to thirty months after their therapeutic injection. Based on the modified MacNab criteria, the clinical effectiveness was evaluated for 58 cases in the present report. In the success group, 33 (56.9%) out of 58 cases obtained complete recovery and 11 cases achieved (19%) significant relief of symptoms. In the failure group, 14 cases (24.1%) failed to gain any improvement (table 1) . The effectiveness was also evaluated according to clinical classifications of cervical disk herniation (table 2) . 23 (79.3%) out of 29 cases gained significant effectiveness in the group of nerve root type, 15 (65.2%) out of 23 cases in the group of cervical type, and one ( 25%) out of four cases in the group of spinal cord type, as well as two (100%) out of two cases in the group of vertebral artery type.
The total effective rate was 75.9 %. The results showed that the therapeutic response in the nerve root type and cervical type groups was relatively credible compared to the other groups in which case numbers were insufficient.
58 patients selected at random were followed up by CT and /or MRI from three months to one year after procedure. Side effects were evaluated. Disc infection occurred only in one patient. No other serious complications such as spinal cord injury, carotid artery, jugular vein and trachea damage occurred.
Discussion
In general, most cervical disc herniations will heal with time and conservative treatment, and will not require surgery. As in the lumbar spine, the first line conservative treatment is generally a couple days of rest and non-steroidal anti-inflammatory drugs. If the pain is severe and/or continues for more than a couple of weeks, oral steroids can be useful to decrease inflammation. If the pain lasts for more than two to four weeks, conservative treatments may include physical therapy, chiropractic treatment and manual traction. For pain that does not get better with medical and physical treatments, epidural injections may be considered. If six to 12 weeks of conservative treatment fail to relieve the arm pain, micro-traumatic treatment and surgical removal of the disc may be reasonable.
There exists uncertainty about the mechanism using the local injection of O 2 -O 3 mixture directly into the intradiscal space. Bocci, a physiologist at Siena University, Italy hypothesized a mechanism 8, 9 . Based on the hypothesis combining the results from our animal tests and human studies, we suppose the following possibilities on the mechanism using the local injection of O 2 -O 3 mixture into intradiscal space.
Oxidation of proteoglycan in the nucleus pulposus: ozone is a potent oxidant with a half-life of twenty minutes at normal temperature. The oxidation process finishes in a very short time. Ozone causes oxidation of proteoglycan in the disc nucleus pulposus and makes it lose water, and then decreases the osmotic pressure of disc tissue. The disc nucleus was dried up with degeneration, necrosis and atrophy, which attenuated the compression of the nerve root. In our animal experiments, this mechanism was verified by the dog disc nucleus which appeared dried up, lost elastic features and became rough one month after ozone injection into the intradiscal space. Degeneration, necrosis and atrophy of the dog disc nucleus were observed two to three months later, but there was no disc change in the control group which received pure oxygen injection only 3, 4 .
Anti-inflammatory action: Cervical pain is caused not only by mechanical compression of herniated disc to the nerve root, but also by non-bacterial inflammation induced by local nerve root edema and effusion resulting from local venous circulation blockage. Meanwhile, the inflammatory factors such as histamine, β-protein and glycoproteins released from damaged discal tissue could stimulate the nerve root to cause pain. It is possible for ozone injection into intradiscal and paraspinal spaces to relieve the pain by blocking the release of inflammatory factors and directly expanding the blood vessels to improve local circulation, reduce local nerve root edema and conglutination.
Analgesic action: One hypothesis from acupuncture therapy for cervical pain claims that fine needle acupuncture into intradiscal and paraspinal spaces stimulates the inhibiting interneurons to produce endorphin-like substances which play an important role in the relief of pain. They called the acupuncture therapy a "chemical acupuncture". Ozone therapy could relieve the pain within one to three days. It might be partially related to this pain relief pathway.
Compared to the other therapeutic methods in the effectiveness and achievement of cervical disc herniation, Zhou reported 12 cases of the percutaneous discetomy cervical disc herniation and their effective rate was 75% in 1993 11 . Chiu reported 200 cases of laser discetomy and their effective rate was 94.5% in 2000 12 . Albertini reported a case of cervical disc herniation caused by traffic accident in 2002 and this case accepted ozone therapy treatment obtaining a good result 13 .
In our groups, all the cases accepted conservative treatment from one to three months and failed to relieve their symptoms, and then accepted ozone therapy. The total effective rate was 75.9% which was close to the results of laser and percutaneous discetomy therapy. According to the type of cervical disc herniation, we found that the therapeutic effective rate in the nerve root and cervical groups was higher than in other groups, but was significantly lower in the spinal cord group. In our opinion, the main reason was that the latter had long history and had severe nerve injury 14 .
Conclusion
It is well known that the cervical segment of the spinal cord is a higher risk area in surgical treatment. Ozone injection therapy for cervical herniated or protruded discs is a very effective therapeutic procedure that can be accepted as an alternative strategy to surgery in selected patients who went through conservative treatments and were unsuccessful for at least three to six months. To select patients correctly for conducting this therapeutic ozone injection, we should note that clinical and neuroradiological indications and contraindications must be followed to achieve good results and to avoid com-plications. Our results suggest trying this therapeutic strategy to treat such a large population of patients in China.
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